Abstract The introduction of different applications of nanotechnology will be informed by expert views regarding which (types of) application will be most societally acceptable. Previous research in Northern Europe has indicated that experts believe that various factors will be influential, predominant among these being public perceptions of benefit, need and consumer concern about contact with nanomaterials. These factors are thought by experts to differentiate societal acceptance and rejection of nanotechnology applications. This research utilises a larger sample of experts (N = 67) drawn from Northern America, Europe, Australasia, India and Singapore to examine differences in expert opinion regarding societal acceptance of different applications of nanotechnology within different technological environments, consumer cultures and regulatory regimes. Perceived risk and consumer concerns regarding contact with nanoparticles are thought by all experts to drive rejection, and perceived benefits to influence acceptance, independent of country. Encapsulation and delivery of nutrients in food was thought to be the most likely to raise societal concerns, while targeted drug delivery was thought most likely to be accepted. Lack of differentiation between countries suggests that expert views regarding social acceptance may be homogenous, independent of local contextual factors.
Introduction
Historically, societal response to technologies and their applications has largely defined their success or failure (Frewer et al. 2004) . For example, public debate surrounding the controversial use of nuclear technology (Chapin and Chapin 1994; Gilbert 2007; Van Der Pligt 1985) , application of synthetic pesticides in agriculture (Kroll 2001; Pollock 2001) or, in recent decades, the consequences of using food irradiation (Bruhn 1995; Fife-Schaw and Rowe 1996) and genetic modification (Frewer et al. 2013a, b; Hall 2007 ) have been associated with negative societal responses, which in turn, have had negative consequences for societal acceptance of products. Failing to integrate issues of societal preferences for development into technological commercialisation trajectories may slow down the progress of new technologies, or may even lead to rejection. Nanotechnology is one of the recent technological advancements that have already been incorporated into many industrial and consumer products across many different sectors, ranging from agriculture and food production, to medicine, electronics, biomaterials and energy production. Innovations in nanotechnology are occurring both in developed countries with established technology infrastructure and capacity, but also in emerging economies with high technology infrastructure and independent regulatory systems such as China, India and Brazil (Palmberg et al. 2009 ). Development and commercialisation of nanotechnology is expected to bring about changes in the commodities market, global production, value chains and scientific collaboration in developed as well as developing nations (Michelson 2008) . However, the full potential of advances in nanotechnology may only be realised if societal priorities for its development and application is taken into account (Macoubrie 2006) at an early stage of technology or product development (Renn and Roco 2006) .
Expert stakeholder views regarding the societal acceptance of both the technology and its specific products across different domains of application will determine which products are commercialised, enter global market and in what sequence (Gupta et al. 2012) . Expert views regarding the societal desirability of nanotechnology applications are likely to be reflected in the public media. This has lead to the current emphasis on risks, benefits and product quality of food nanotechnology in the media (Dudo et al. 2011) . Misapprehensions of experts about societal acceptability of specific applications of nanotechnology may have serious consequences for the commercial introduction and global trading of nano-enabled products. For example, experts may erroneously predict that a specific application is societally desirable, while the public may have concerns about the same product. This might easily result in the attempted commercialisation of products that trigger societal protest against nanotechnology as a whole. In contrast, experts may delay the commercialisation of products which in fact are deemed acceptable or desirable by the public because of perceived public concerns. For these reasons, understanding experts' opinions regarding societal concerns is important, not least because the order of entry of nanotechnology products into the marketplace will be contingent on expert evaluation of the likelihood of their potential success.
Expert stakeholder views regarding the societal acceptance of both the technology and its specific products across different domains of application will determine which products are commercialised, and in what sequence (Gupta et al. 2012) . Expert stakeholder groups can be defined by qualifications and experience, and include people with relevant, specialised knowledge acquired through professional activities (Burgman et al. 2011; Evans 2008 ). This might include, for example, people with occupationally related experience and expertise in nanotechnology, drawn from the policy and scientific communities, industry and/or consumer representatives.
Differences between expert and lay evaluations of risk have frequently been identified in the literature. Empirical investigation has been conducted to explain differences between expert and lay perceptions of risk (Fischhoff et al. 1978 (Fischhoff et al. , 1984 Slovic 1987 ) and the results of this research has been used to explain why lay people may respond to risks in a different way to experts (Barke et al. 1997; Flynn et al. 1993; Savadori et al. 2004) . However, people's attitudes towards emerging technologies and their applications may vary according to the perceived characteristics of both the technology and its applications. Social responses to one novel technology should not be assumed to represent a normative societal response to subsequent technological innovations (Frewer et al. 2011a) . In fact, societal response to a specific technology may change in itself, for example in cases where societal drivers of technological need change or evolve, or if new drivers emerge (Frewer et al. 2013a, b) .
However, until social acceptance data is formally taken into account during the process of technology development and commercialisation, experts will determine strategies for technology development, regulation and commercialisation. Gupta et al. (2012) report that nanotechnology applied to food production may be potentially the most problematic area of application in terms of societal acceptance. This expert perception may have developed from events which were associated with societal rejection of GM applied to food production (e.g. see Gaskell et al. 1999; Frewer et al. 2011a, b) . There is, however, evidence to suggest consumer responses to the implementation of GM foods are not homogenous across different regions of the world, although data are incomplete in this respect (Frewer et al. 2013a, b) . The negative societal response to GM foods is frequently regarded as the normative societal response to technological innovation in the agrifood sector, even in the absence of data relating to specific areas of technological application (Frewer et al. 2011a, b) . Understanding the experts opinion on societal acceptance of agri-food applications of nanotechnology is therefore of particular interest.
Experts may, in turn, be influenced not only by local economic and regulatory conditions, but also local experiences of societal responses to preceding technologies, as it was the case with genetically modified (GM) foods, making it all the more relevant to compare expert opinions from different parts of the world.
Expert risk assessment of GM food has led to the emergence of different risk governance structures internationally (Table 1) . Un-harmonised regulatory activities impeded the commercialisation strategy associated with technological innovation in a global market (e.g. see Herrick 2005; Vàzquez-Salat et al. 2012) . For example, countries such as US and Canada adopted a more promotional stance towards GM regulation (Paarlberg 2002) , whereas the European Commission adopted a more precautionary approach (Nelson et al. 2001 ), including mandatory labelling of GM food products (Andree 2002; Carter and Gruere 2003; Knight et al. 2008; Prakash and Kollman 2003) which had international trade implications (Knight et al. 2008; Paarlberg 2002) . Countries such as Australia and New Zealand also imposed strict regulations concerning GM food, adopting one of the most stringent food safety regimes in the world outside of the EU (Anderson and Jackson 2005) . Trade implications and the threat of being denied access to highly lucrative developed country markets largely shaped developing countries' approach to GMOs (Shaffer 2008) . Moreover, when setting up their own regulatory frameworks, most of these countries tend to choose between US or EU approaches (see for e.g. India and Singapore). The development of different local or regional regulatory frameworks is likely to reflect differences in local or regional expert debate about regulatory issues. Expert views may reflect relevant local discourse, concerns and priorities associated with previous introduction of technologies applied to food production, which is then also bought to bear on the question of whether, and how, to utilise nano-technological advances in agri-food production.
The comparison between the societal concerns surrounding GM foods and nanotechnology applied to food production has been frequently made (see inter alia te Kulve et al. 2013; Thompson 2011; Kuzma and Priest 2010) . First, both represent enabling, but 'invisible' technologies (David and Thompson 2011; Mehta 2004 ). There are, however, also differences between the introduction of foods produced using GM and nanotechnology. For example, the introduction of GM was associated with farmers and primary producers being initially targeted by the end-users of genetic modification. The acceptance of the resultant foods by consumers was not considered as relevant to the commercialisation trajectory. In the case of nanotechnology, it is not the primary producers who are regarded as the most relevant in the process of acceptable commercialisation (Sparling 2011) . This is demonstrated by greater public engagement in the development of nanotechnology making rejection less likely and the analogies with GM imperfect (Sandler and Kay 2006) . Nevertheless, if experts develop implementation strategies for different applications of nanotechnology which do not take account of societal concerns, successful application may be problematic. Examples include the extent to which consumers perceive products and application to be unnatural (Thompson 2011) , and the extent to which the public perceive there is a lack of control and uncertainty about future consequences of technology application (Macnaghten 2011) . For example, research in the US shows that citizens may use religious or ethical argumentation to develop their judgements about the acceptability (or otherwise) of nanotechnology applications (Ho et al. 2011) . In contrast, subject experts base their evaluations on their trust in the scientific process.
In the research reported here, experts are asked to report on their opinions regarding what they think of the societal response to different applications of nanotechnology. Experts were also asked to assess the uncertainty they perceived to be indicated with their opinions regarding different drivers of societal responses, together with the importance of these drivers. The more certain experts are about the relevance and relative importance of a particular societal determinant of response, the more likely the determinant may be in influencing their subsequent actions in prioritising commercialisation of different applications of nanotechnology. Understanding expert views regarding factors influencing the acceptance of technological innovation, and the extent, to which these vary according to local socio-economic factors, is important when considering the introduction of novel technologies, in particular where these have implications for international issues such as global trade and trans-boundary environmental impacts.
Previous research into expert opinion has tended to utilise experts in specific regional or geographic locations. However, as the GM debate has shown, different expert discourses in different locations may contribute to the development of unharmonised regulatory structures in different regions and countries (Vàzquez-Salat et al. 2012) . Differences in expert opinion may reflect local societal concerns about technology implementation (Frewer et al. 2013a, b) . If it is assumed that experts base their opinions about the societal introduction to nanotechnology, at least in part, on their local experiences with the societal introduction of GM, it is important to identify differences in opinion between experts located in different regions, and allow a transparent and open global discussion to evolve in order to achieve consensus on harmonised innovation policy. Experts may differentiate between different types of risks, and the extent to which society in general needs to consider these in regulation and product assessment. For example, Besley et al. (2008) reported that US experts distinguish between health and environmental risks (where regulation needs to be prioritised) and social risks when considering risk and regulation associated with nanotechnology. Other studies of expert opinion regarding the societal acceptance of nanotechnology have suggested that social trust (i.e. citizens' trust in those institutions responsible for optimising consumer and environmental protection) may also determine societal acceptance of emerging technologies, including nanotechnology (Siegrist et al. 2007; Yawson and Kuzma 2010) . Gupta et al. (2012) conducted an expert stakeholder study to identify those factors that experts thought would influence societal response to different applications of nanotechnology. The methodology adopted in the study allowed the experts to express salient issues in their own words. Based on expert judgement, the main factors influencing societal response to different applications of nanotechnology were identified as the extent to which applications are perceived to be beneficial, useful, and necessary, and how 'real' and physically close to the end-user these applications are perceived to be by the public. In contrast to other studies of factors influencing public acceptance, risk did not emerge as a primary evaluative factor influencing societal response to nanotechnology. Experts included in this earlier study were all from North-West Europe (and thus all exposed to similar experiences associated with the European GM debate and the regulatory and economic environment). However, comparisons with other countries with different regulatory and economic environments would contribute evidence that is salient to the development of a global development and implementation strategy for nanotechnology. The research extends that reported by Gupta et al. (2012) in two regards. First, Gupta et al. (2012) utilised a European expert population based exclusively in North Western Europe, (thus their opinions regarding societal acceptance would be contextualised by EU policy and knowledge of societal responses to previous emerging technologies). Here, experts from five different regions of the world, with different regulatory regimes regarding technological innovation, are sampled and compared using survey methodology. Second, in the research reported by Gupta et al. (2012) , the potential (psychological) determinants which experts thought would influence consumer uptake of different applications of nanotechnology were identified utilising repertory grid methodology. The study was therefore limited insomuch as inclusion of comparative international expert samples was not applied, no assessment of expert uncertainties regarding the relevance of the different issues was made, and the relative importance as perceived by experts regarding the drivers of societal acceptance of different applications was not addressed. While there is a body of research regarding on what factors experts perceive to be influential regarding societal responses to different applications of nanotechnology, there is little information regarding which factors are weighed the most in their decisions. There is, therefore, a need to assess the extent to which experts consider an issue important in determining societal acceptance, as well as the extent to which they are certain regarding its direction of impact or salience. Uncertainty may, for example, potentially contribute to delays in commercialisation or have impacts on policy development regarding implementation. In the current study, the use of survey methodology has allowed these issues to be analysed, albeit with the domain of agri-food nanotechnology which was judged to be the most societally controversial area of application by the experts participating in the research reported by Gupta et al. (2012) . Given that nanotechnology is still evolving and 'under construction', it is often characterised by both social and scientific uncertainties. Therefore, there is a need to assess the extent to which experts are certain about whether an issue is important in determining societal acceptance and their own uncertainty regarding their opinion regarding its direction of impact or salience. The present study extends research in this area by examining expert views on the determinants of public acceptance of different applications of nanotechnology, where experts are drawn from in countries with different economic and regulatory environments. The present study addresses the following research questions:
1. To what extent do experts agree that specific social responses will shape the development and commercialisation of different nanotechnology applications? 2. How certain are experts that a particular issue/ factor is relevant to societal acceptance? 3. Is there uncertainty associated with expert opinions regarding the relevance of the determinants of societal acceptance which have been identified? 4. Are there differences in expert opinion according to local variations in regulations and previous experience with technology acceptance?
Method
Participants and data collection For pragmatic reasons, only countries or regulatory regions where expert communities were likely to be fluent in English were included. This also avoided problem in validity associated with translation of survey questions (see: Steenkamp and Baumgartner 1998) . Experts from the different countries or regulatory areas were identified. A comprehensive list of potential participants from academia, industry, government, media and consumer representative groups was developed using the network of the authors, and using open sources such as the list of participants from conferences on nanotechnology and the authors of public domain publications related to nanotechnology. These experts were then invited by email to participate in the study and were requested to fill out an online questionnaire designed and administered using Qualtrics software. 'Snowballing', a technique where participants were asked to identify additional experts for inclusion in the study, was used to identify further experts for inclusion. This method has been demonstrated to be effective in other studies of stakeholder opinion (Frewer et al. 2011b) . Data were collected between March and August, 2012. On average, the questionnaire took about 1 h to complete. A total of 67 experts of the 205 invited took part in the survey (response rate 32 %). This is reasonable when compared to other studies involving experts (Frewer et al. 2011b ). The final sample consisted of experts from Northern America (N = 12); Europe (N = 21); India (N = 12); Singapore (N = 11) and Australasia (N = 11). Thirty three percent (N = 22) of the participants were women. Fifty four percent (N = 36) of the participants were aged between 35 and 54 years; 32 % (N = 21) were between 55 and 74 years; 5 % (N = 3) between 26 and 34 years; 3 % (N = 2) between 18 and 24 and 1 participant was over 75 years. Four participants did not provide information about their gender or age. 62 out of 67 experts included information about their occupation, of which 60 % (N = 37) were from academia or research institutes; 26 % (N = 16) from government or regulatory authorities; 11 % (N = 7) from industry and 3 % (N = 2) from NGOs.
Questionnaire/measures
Factors influencing societal response to nanotechnology and certainty of expert response
Five nanotechnology applications, differentiated by expert opinion in terms of future acceptance, were selected for this study (Gupta et al. 2012) . These included targeted drug delivery; smart pesticides developed using nanotechnology to enhance the effectiveness or delivery of pesticides; encapsulation and delivery of nutrients in food (Nanoencapsulatedfood); food packaging using nanoparticles with antimicrobial properties to increase shelf life of food products; and development of efficient and cost effective water filtration process by using nanomaterials (water filtration). For each application, the experts were asked to predict societal responses associated with one of the five factors: perceived benefit, perceived risk; necessity, consumer concern over coming into contact with nanomaterials, and the time frame for commercialisation of the nano product. Scores for each nanotechnology application on each of the factors were collected on a five point scale. For example, perceived societal benefit was measured by asking 'how beneficial would an average member of the public in your country perceive (followed by description of nanotechnology application)' on a five point scale, anchored by 1 = extremely beneficial to 5 = not at all beneficial. An additional option of 'no opinion' was added to the question. Participants were also asked to rate 'how certain you are about your response' for each response on a five point scale, anchored by 1 = extremely certain to 5 = uncertain. The importance of each of the five factors regarding the societal introduction of nanotechnology was measured using a five point scale (anchored by 1 = agree strongly to 5 = disagree strongly). An overview of all items is provided in the Appendix.
Results

Expert assessment of perceptions of societal benefits
Eleven experts (five from Europe; one each from Northern America and Singapore and two each from Australasia and India) selected the 'no opinion' option for at least one of five applications, leaving 56 valid responses. A repeated measures ANOVA indicated significant differences across the five applications F 1 (3.35, 171.15) = 16.56; p \ 0.01. Pairwise comparison between nanotechnology applications indicated that targeted drug delivery and water filtration were predicted to be perceived as the most beneficial applications of nanotechnology to society, followed by smart pesticides and food packaging. Nanotechnology application in food was rated as the least likely to be perceived by society as beneficial (Table 2) . There was no difference across the region on perceived societal benefits F (4, 51) = 1.46; p = 0.22. However there was a significant interaction between societal benefits associated with different applications and region [F (13.42, 171 .15) = 2.73; p \ 0.01]. Pairwise comparisons (LSD) showed that the interaction effect was attributable to experts from Europe scoring smart pesticide as being perceived as relatively less beneficial by society compared to experts from Northern America and India. Experts from India, Singapore and Northern America predicted that nanoencapsulated-food would be perceived as more socially beneficial compared to experts from Australasia. Experts from India and Europe predicted water filtration using nanotechnology as being perceived as more beneficial by society, as compared to Australasian experts (Table 3) .
A repeated measures ANOVA indicated a significant main effect of application influencing the selfrated certainty of expert's responses [F (3.22, 164.35 (Table 2) .
Expert predictions of perceptions of societal risks
Thirteen experts (four from India; four from Europe; two each from Australasia and Singapore and one from Northern America) selected the 'no opinion' option for at least one of five applications, leaving 54 valid responses. A repeated measures ANOVA indicated significant differences across the five applications, F (3.62, 177.43) = 7.07; p \ 0.01. Pairwise comparison between applications showed that nanoencapsulated-food and smart pesticides were predicted to be perceived as more risky by the society compared to food packaging, water filtration and Means sharing a superscript character are not significantly different between applications. Analysis is based on estimated marginal means using pairwise comparisons (LSD) to compare different applications (a = 0.05) targeted drug delivery (Table 2 ). There was no difference across the region on societal risk F (4, 49) = 2.17; p = 0.09; however, there was a significant interaction effect between societal risk of different applications and different countries, F (14.48, 177.43) = 2.00; p \ 0.05 (Table 3) . Pairwise comparisons (LSD) indicated that European experts scored smart pesticides as being perceived as relatively more risky by society than those from Singapore and higher for nanoencapsulated-food than experts from India and Singapore. Similarly, experts from Australasia predicted nanoencapsulated-food to be perceived as riskier by society than experts from Northern America, India and Singapore. Significant differences in predicted societally perceived risk for water filtration were observed between European and Australasian experts, where the former predicted the application being perceived to be less risky compared to the latter. A repeated measures ANOVA indicated a significant main effect of application influencing the selfrated certainty of expert's responses, [F (3.81, 187 .15) = 2.47; p \ 0.05]. However, there was no significant main effect attributable to region, [F (4, 49) = 0.58; p = 0.67] nor was there an interaction effect between the certainty of expert's response associated with different nanotechnology applications across different countries, [F (15.27, 187 .15) = 0.77; p = 0.71]. Pairwise comparisons (LSD) between applications show that experts were less certain in their prediction of societally perceived risks of smart pesticides and more certain regarding the societally perceived risks of nanoencapsulated-food than for the other applications (Table 2) .
Expert prediction of perceptions of societal need
Seventeen experts (seven from Europe; five from India; two each from Northern America and Singapore and one from Australasia) selected the 'no opinion' option for at least one of the five applications, leaving 50 valid responses. A repeated measures ANOVA indicated a significant differences across the five applications, F (3.27, 147.45) = 13.01; p \ 0.01, but no differences attributable to region, F (4, 45) = 2.24; p = 0.07. There was no significant interaction between expert predictions regarding societal perceptions of need and region, F (13.10, 147.45) = 1.34; p = 0.19. Pairwise comparison (LSD) between applications showed that targeted drug delivery and water filtration are predicted to be perceived as societally more necessary, while nanoencapsulated-food was predicted to be perceived as less necessary (Table 2) . A repeated measures ANOVA showed that there is no significant main effect of the application influencing the self-rated certainty of expert's responses, [F (3.29, 148 .27) = 1.54; p = 0.19] and no significant main effect of attributable to region, [F (4, 45) = 0.77; p = 0.54]. There was no interaction effect between self-rated certainty of responses for different applications and region [F (13.18, 148 .27) = 1.04; p = 0.41).
Expert prediction of societal concern about coming into contact with nanomaterials Nine experts (five from Europe; one each from Northern America, India, Singapore and Australasia) selected the 'no opinion' option for at least one of five applications, leaving 58 valid responses. A repeated measures ANOVA indicated significant differences across the five applications, F (3.71, 197.02) = 8.58; p \ 0.01, but no significant differences across regions, F (4, 53) = 0.84; p = 0.50. No significant interaction effect was found between societal concern and region, F (14.87, 197.02) = 1.54; p = 0.08. Pairwise comparisons (LSD) between applications showed that, according to experts, societal concern about coming into contact with nanomaterials will be less for applications such as water filtration, food packaging and targeted drug delivery, but more for applications such as smart pesticides and nanoencapsulated-foods (Table 2) . A repeated measures ANOVA indicated no significant main effect of application influencing self-rated certainty of expert's responses [F (3.95, 209 .43) = 0.50; p = 0.73] and no significant main effect attributable to region, [F (4, 53) = 0.69; p = 0.60]. There was no significant interaction effect between the certainty of expert's response for different applications across region [F (15.80, 209.43 
Expert predictions regarding the importance of societal estimation of the time frame for availability of nanotechnology applications Twenty-one experts (six from Europe; four each from Northern America, Singapore and India and three from Australasia) selected the 'no opinion' option, leaving 46 valid responses. A repeated measures ANOVA indicated significant differences across the five applications, F (5.22, 139.11) = 7.61; p \ 0.01 but no significant difference across the regions, F (4, 41) = 1.59; p = 0.19. No significant interaction effect was found between timeframe and region, F (13.57, 139.11) = 0.67; p = 0.79. Based on pairwise comparisons between applications, experts predicted that the public would expect applications such as water filtration and food packaging to be available before the other applications of nanotechnology (Table 2) .
A repeated measures ANOVA indicated a significant main effect of application influencing the selfrated certainty of expert's responses, [F (3.63, 149 .07) = 5.26; p \ 0.01]. However, there was no significant main effect attributable to region [F (4, 41) = 2.29; p = 0.07] nor was there an interaction effect between the certainty of expert's response for different applications across regions [F (14.54, 149 .07) = 1.17; p = 0.29]. Pairwise comparisons (LSD) between applications show that experts were less certain regarding the availability timeframe for smart pesticides and nanoencapsulated-food than other applications (Table 2) .
Importance of factors
Sixty-six experts completed the questions on the importance of the five factors regarding societal acceptance of each application (perceived benefit; perceived risk; perceived need; perceived concern about coming in contact with nanomaterials; and time frame for availability) in influencing societal introduction of nanotechnology. One expert from Singapore did not complete this question. A repeated measures ANOVA indicated a significant differences on importance of the five factors, F (3.07, 187.35) = 12.07; p \ 0.01 and no differences attributable to the region F (4, 61) = 1.18; p = 0.32. Pairwise comparisons between factors showed that experts strongly agreed that perceived risks on the part of citizens will be an important influence the societal introduction of nanotechnology followed by their perceived benefits and their concerns about contact with the nanomaterials. Less agreement was found regarding perceptions of need compared to other factors. Experts neither agreed nor disagreed on the importance of timeframe for the societal introduction of nanotechnology.
There was significant interaction effect between factor and region, F (12.28, 187.35) = 2.04; p \ 0.05 (Table 4) . Based on pairwise comparisons between factors and countries, no significant differences were found for perceptions of benefit and need. Experts from India were found to agree less than all other experts on the importance of risk perception regarding societal introduction of nanotechnology. In comparison to experts from Northern America, Europe and Australasia, Indian experts were found to agree less on the importance of concerns about coming in contact with the nanomaterials. Experts from India agree more than experts from Australasia on the importance of availability time frame.
Discussion and conclusion
The research presented here provides evidence that the five factors identified by Gupta et al. (2012) are relevant outside of the European regulatory and cultural environment, at least in those regions included in the research. This is relevant to understanding how expert anticipate societal responses to different applications of nanotechnology. The experts indicated that they expect societal responses to vary between different applications of nanotechnology. Societal responses are also expected to be shaped by associated perception of risks, benefits and need, consumer concerns about coming in contact with nanomaterials, and the timeframe for commercialisation. According to experts, targeted drug delivery and water filtration will be perceived by society as most beneficial and necessary, and applications such as nanoencapsulated-food and smart pesticides will be perceived as least beneficial, unnecessary and riskiest of the five applications of nanotechnology included in the survey. Within the context of food-related applications, experts predict a more favourable public response towards food packaging than nanoencapsulated-food. Concerns about coming into contact with nanomaterials will be the greatest for nanoencapsulated-food and smart pesticides and least for water filtration, food packaging and targeted drug delivery, and that people would expect water filtration and food packaging to be commercialised sooner than most other applications.
Expert views and opinions are not static, and local differences in expert opinion may emerge if consumer views evolve differently in different countries (for example, post-commercialisation of products). It should be emphasised that expert views regarding potential societal responses to novel technologies will inform the development and commercialisation of nanotechnology products (and communication about these). One might anticipate that the first commercialised products will be those which experts perceive will be viewed as most beneficial, (such as water filtration and medical applications of nanotechnology). These applications have typically been framed by experts as less risky than those involving nanotechnology applied to food (te Kulve et al. 2013) . If expert assessment of societal responses are inaccurate (as has been the case with other emerging technologies such as GM food), this might result in an inappropriate commercialisation strategy, or produce societal distrust in expert opinions regarding the introduction of new technologies. Comparison between expert and public opinion is therefore needed in order to determine whether what is technically possible from implementation enabling technologies such as nanotechnology aligns with societal preferences. Societally less acceptable applications such as nanoencapsulated food and smart pesticides may be introduced later (once a positive societal response to the more acceptable applications has been established) or even abandoned as application which will be rejected by society, or which may 'contaminate' societal acceptance of those applications which have hitherto been accepted. The current study furthermore shows that the factors influencing societal introduction of nanotechnology differ in terms of their importance by the experts. Risk perception emerged as the most important factor influencing societal introduction of nanotechnology, followed by benefit perception and concerns about contact with the nanomaterials. While experts did not indicate risks as important factor in shaping public acceptance of nanotechnology in previous study (Gupta et al. 2012) , they indicated it as the most important issue when explicitly confronted with the issue of risk perception. This difference may be attributable to the different methodologies adopted in these studies. Alternatively experts may need to be reminded of the importance of societal risk perceptions to ensure appropriate risk mitigation strategies in line with societal priorities are in place. Less agreement was found between experts regarding the importance of perceived need and timeframe for the availability of nano-products.
An interesting issue relates to the extent that experts were certain that their responses were accurate. Experts were more certain that the public will perceive nanoencapsulated food as a risky application of nanotechnology compared to the other applications. Although no reasons are given, a speculative interpretation is that that the unavoidable consumption of nanoparticles may contribute to this effect. Future research should, however, aim to address this issue. Against this, experts are less certain as to how risky or beneficial smart pesticides will be perceived to be by the public. The uncertainty regarding smart pesticides may be rooted in the historical debate associated with pesticides (Carson 1962; Gunter and Harris 1998; Kinkela 2005) . On one hand, pesticide use is seen to lead to increased productivity benefitting farmers, processors, and consumers, while on the other their use may lead to environmental and health problems (Zilberman et al. 1991) . Experts may be uncertain as to which way society will react given these past controversies.
In terms of importance of the five factors investigated in this study, it is of interest to note that experts from India were found to differ in their opinion compared to other international experts. Specifically, they felt that timeframe for market availability of nanoproducts will be a more important factor influencing societal introduction of nanotechnology, and that perceived risk and concerns about contact with the nanomaterials will be less important in determining societal acceptance. India represents the only developing country in the research, where local societal problems are potentially greater and arguments for technological solutions to these problems more convincing, resulting in perceived risk being of relatively lower importance than perceived benefits. Alternatively, less societal discussion of the risks of technological innovation may have reduced local expert prioritisation of the importance of societal acceptance. Nanotechnology development in India is at a nascent stage and is largely a government led initiative. For example, nanotechnology is promoted widely as a technological solution to enhance food security, which is a more pressing problem in the developing world (Sastry et al. 2011) . Whether the findings of the present study can be generalised to all BRIC countries, or if they are specific to the Indian case warrants further research.
There is currently very little regulation that relates specifically to nanotechnology in any field of application, including in relation to food. Bowman and Hodge (2007) have observed that, internationally, despite the extensive scientific and commercial interest linked to nanotechnology, there has been only limited debate on the associated regulatory and legal aspects. Regulators therefore rely instead on a range of other relevant current regulation designed principally with applications other than nanotechnology in mind. For example, even in the area of application to food production, the relevant European regulations that need to be considered extends from REACH, (the EC Regulation No. 1907/2006 on Chemicals, aimed at preventing harm to humans or the environment), through the Waste Framework Directive 2008/98/EC to the Novel Foods Regulation (EC) No. 258/97) (Coles and Frewer submitted) . International harmonisation of regulations would simplify international trade. The results suggest that experts indicate that they expect different levels of societal acceptability of different applications. According to experts, this implies that different standards for different areas of application (for example, in relation to food related applications) may be needed to generate societal trust in consumer and environmental protection legislation associated with nanotechnology. It is important to note that consumer priorities and preferences for legislative practice also need to be taken into account, as these do not necessarily align with expert expectations of what these might be.
Generally, expert views regarding societal responses to different applications of nanotechnology were homogenous, independent of local variations in regulation or consumer acceptance of novel technologies and their applications. Experts from Europe and Australasia tended to emphasise perceived societal risk more for certain applications, whereas experts from India, Northern America and Singapore emphasised the importance of benefit perception. Experts also indicated that agri-food applications of nanotechnology would be more acceptable in Northern America, Singapore and India and less so in Europe and Australasia. This may reflect differences in the regional history of regulation, adoption and exploitation of GM agriculture and food production. Europe and Australasia has emphasised risk and Northern America, and countries with more technological dependence such as India and Singapore have emphasised benefits and need. Nevertheless the similarities in expert opinions between geographical locations were more pronounced than the differences. This implies that the expert communities sampled are in agreement regarding the societal acceptability of foodrelated nanotechnology applications. If such expert views are predictive of emergent policy associated with the introduction of nanotechnology food products, regulatory harmonisation may be less difficult than has been the case for GM. However, regional and national differences in regulatory infrastructure and differences in consumer acceptance will also influence regional and national policy. The authors do not claim that this finding is definitive and, as such, can be applied globally. Further research is required to compare expert views from non-English speaking countries to provide a more comprehensive view of international expert opinion regarding potential societal responses to nanotechnology. In addition, food experts were somewhat overrepresented in the current sample. This may be because of the larger sensitivity to social research by food scientists after GM, or be a reflection of the professional network of the authors.
Nevertheless, within the region specific confounds from the present study it can be concluded that perceived risk and benefit and contact with nanoparticles are universally considered by experts as most important factors influencing societal acceptance of nanotechnology.
